In this paper, the interaction of two co-propagating laser beams with crossed polarization in the underdense plasmas has been investigated analytically with the variational approach and numerically. The coupled envelope equations of the two beams include both the relativistic mass correction and the ponderomotive force effect. It is found that the relativistic effect always plays the role of beam attraction, while the ponderomotive force can play both the beam attraction and beam repulsion, depending upon the beam diameters and their transverse separation. In certain conditions, the two beam centers oscillate transversely around a propagation axis. In this case, the ponderomotive effect can lead to a higher oscillation frequency than that accounting for the relativistic effect only. The interaction of two beams decreases the threshold power for self-focusing of the single beam. A strong self-trapping beam can channel a weak one.
a a n . Substituting / n into Eq.
(1), we obtain the following coupled nonlinear equations 
Approximate solutions of Eq. (2) can be obtained by using the variation method [2, 4] . Firstly, we need to London, 28 June -2 July 2004 ECA Vol.28G, P-4.021 (2004 
, where is any variational parameter for the laser beams.
Varying j , leads to the power conservation 0 / ) (
By varying W j , the equations for the evolution of each beam spot size are given as 
, the distance between the centers of the two beams is By varying (k xj , k yj ), it gives k xj +dX cj /d =0, and k yj +dY cj /d =0. By varying X cj , one obtains To account for more general cases, we solve the coupled equations (1) Figure 1 illustrates the evolution of the two beams when a 01 =a 02 =0.15, W 01 =W 02 =20 2 , X 01 =-X 02 =12.
Even though the corresponding power for single beam is P=18, much less than P c , the two beams are still trapped while propagating. As Fig. 1 shows, the two beams attract, intersect, and separate, like a damped oscillation with an increasing oscillation frequency. Based on the assumption that both beams always have constant W=20 2 , from Eq. (5), one obtains that the two Gaussian beams have a non-damping and sinusoidal oscillation, as shown with the dashed line in Fig. 1 . The oscillatory period is T=2244. The dotted line in Fig. 1 show theory prediction without ponderomitive effect, and the corresponding oscillatory period is T=3098. The theory better agrees with the simulation when including ponderomitive effect. The two beam width decreases to 10 and beam amplitudes increase to 0.39 in =2000. Eq.
(5) also predict that oscillatory frequency will increase when the beam amplitudes increase and their distance decreases. For a 1,2 =0.39, W 1,2 =10, d=4.5, the oscillatory 31st EPS 2004; Z.-M.Sheng et al. : Interactive dyanmics of two copropagating laser beams in underdense plasmasperiod T=207, which is consistent with the accelerated oscillation in [1750, 2000] . This is also due to the focusing effect of the beam one as also discussed analytically following Eq. (4).
In summary, the interaction of two co-propagating laser beams with crossed polarization in the underdense plasma has been investigated analytically and numerically. It is found analytically that the relativistic effect always plays the role of beam attraction, while the ponderomotive force can play both the beam attraction and beam repulsion, depending upon the beam diameters and their center separation. In certain conditions, the two beam centers oscillate transversely around a propagation axis. In this case, the ponderomotive effect can lead to a higher oscillation frequency than that accounting for the relativistic effect only. The interaction between two beams decreases the threshold power for self-focusing of the single beam. A strong self-trapping beam can channel a weak one.
